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(a) An example setup of the CyberKnife system. (Image credit:
Saginaw Future, CC-BY-2.0)
(b) Setup of the Novalis TX system. (Image credit: Binodkpn,
CC-BY-SA 3.0)
(c) Illustration of the Gamma Knife Perfexion unit. (Image credit:
Elektra AB, CC-BY-SA 3.0)
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(a) The robotic arm of t he  RIO system. (Image credit: Photo
courtesy by Stryker Inc.)
(b) The Mazor Renaissance system with console. (Image credit:
Mazor Robotics Inc.)
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(a) The CorPath 200 system setup. (Image credit: Corindus
Vascular Robotics.)
(b) The Sensei X catheter system. (Image credit: Hansen Medical
Inc.)
(c) Amigo set up in an operating room. (Image credit: Catheter
Robotics Inc.)
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(a) The NavioPFS sensor head and fiducials for navigation.
(Image credit: Blue Belt Technologies Inc.)
(b) The manipulator arm of the ROSA system. (Image credit:
Medtech S.A.)
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prostate through the urethra [65]. Conventional treatments
are done with long tools which are inserted through the
natural orifice [66]. It offered 3 DOF actuation aligned
at the tip of the tool could 
carve out cuts concentric cones, beginning at the most 
inserted point to the outside [67, 68]. With the system, the
surgeon only measured and pre-set the required cutting,
and programmed the robot. After manual alignment of the
robot to the patient and insertion of the tools, the process
was executed automatically [67, 68]. The technology was 
later acquired by Acrobot Inc. and no further updates on
In contrast to previous sections, this section focuses on
the prototypes that may create the foundation of future
development paths. The full list of systems is featured in 
The next step in the development of MIS might be the
transition to single site surgery (some forms of it are called
—NOTES)
Here, the operation area is accessed through only one 
incision in the patient’s skin. This approach is also
designed to reduce trauma for the patient even further, but
Intuitive Surgical Inc. adapted its system, and has 
(a) The clinical prototype of the Advanced Laparoscopy through
Force refleCT(X)ion (ALF-X) Teleap system. (Image credit: Sofar
S.p.A)
(b) The Surgenius Beta robot. (Image credit: Surgica Robotics
S.p.a.)
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(a) Setup of the DLR MiroSurge system. (Image credit: DLR,
CC-BY 3.0)
(b) Engineering prototype of the SOFIE robot. (Image credit:
Eindhoven University of Technology)
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the tools currently in use, the surgeon’s vision could be
enhanced with augmented reality. Here, an overlay of
the conventional image provided by an endoscope may
be added to show e.g., where a new tool will appear on
screen, or where the surgeon is exactly positioned with
the body of the patient. The further development of
tracking systems will include the support of multi-sensor 
applications, significant extension of the work space and
A highly automated surgery could provide medical
support for people in remote areas, for example winter
expeditions in Antarctica or extreme situations, such as 
ral disasters or on the battle 
field. To achieve this goal, many technologies are to be
developed. Some of them were explained in the previous
These technologies combined with a remote controllable
or one of its competitors might
. This partially
autonomous patient care unit was proposed by the
Defence Advanced Research Projects Agency (DARPA).
DARPA’s targets for this pod was to improve the early 
treatment of wounded soldiers on the battlefield. If taken
care by a teleoperated robot, the army does not need to risk 
the lives of highly trained medical staff (c.f. subsection 6.2).
As already discussed in subsection 6.4, there are efforts to 
manipulate the movements of capsules through magnetic 
fields. An improvement on motion scale and resolution
could be achieved by using a computer-assisted field
generator. Such magnetic  fields are   used  in   the
system as guidance, described in subsection 3.5.
Further development in using the techniques of magnetic 
levitation could allow a free floating capsule with the
ion [115]. First attempts in 
this direction have been successfully be conducted [116].
Even finer control step sizes could be achieved by using
(a) Concept of a magnetic micro-robotic with in-situ interaction 
capabilities developed in the ARAKNES project. (Image 
credit: ARAKNES project.)
(b) The SRINT intra-abdominal robot. (Image credit: ARAKNES 
project and Scuola Superiore Sant’Anna.)
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